ABSTRACT Chest radiographs taken by a standard technique were obtained from 173 current employees (164 men, 9 women) of a vermiculite mine in Montana, from 80 of 110 past employees resident within 200 miles, and from 47 men from the same area without known exposure to dust. In 43 of the 80 and 24 of the 47 an earlier chest x ray film was retrieved from the hospital archives. All 367 films were assessed blind and independently by three experienced readers using the ILO 1980 classification. Median radiographic assessment scores were analysed in relation to estimated cumulative exposure to the amphibole fibres that contaminate the vermiculite. Logistic regression analyses showed independent effects of age, smoking, and exposure on the prevalence of small opacities and of age and probably of exposure on pleural thickening. Overall, the data suggest that by retirement age the increase in prevalence of small opacities (> 1/0) lies between 5% and 10% per 100 f/ml years. This gradient may be somewhat steeper than for chrysotile miners and millers, but not much so.
The survey described in the present paper is one of a series of studies undertaken to assess the health effects of work in a vermiculite mine in Libby, Montana. Two complementary programmes of research were initiated by NIOSH and ourselves, primarily because of contamination of the ore body with fibrous amphibole deposits in the tremolite series. A history and description of the mining and milling processes were given in our report on a cohort mortality study in this group of workers.1 These data showed substantial excess mortality compared with United States white men from respiratory cancers (SMR = 2 45), non-malignant respiratory disease (SMR = 2-55), and malignant mesothelioma (proportional mortality = 2-4%). The NIOSH mortality study of a more broadly defined cohort obtained similar results from independently assembled data.2 Vermiculite, a micaceous mineral that expands on heat treatment has many uses in construction industries, agriculture, and packaging. The largest known vermiculite deposit, at Libby, Montana, has been commercially mined since 1923. At first it was on a small scale but, after 1939, when two companies merged, production increased: 20 000 tons were shipped in 1940, 150000 in 1950, and, since 1972, The films, with identity obliterated, were renumbered in random order and classified independently by three experienced readers. The ILO 1980 International Classification and standard sets of films were used. The readers were told only that the films were mainly from mineworkers with varying exposure to mixed dusts and that about 20% of the series were unexposed subjects. Preliminary tabulations after the readings were completed showed that, overall, 56% of the recent films were considered of good quality, 36% fair, 7% poor, and 0 4% unreadable. The corresponding ratings for the older films were 22%, 53%, 23%, and 2%. Although the readers were experienced and had often worked together, interobserver variation remained. Agreement between all three readers on the presence or absence of changes was achieved in about 90% of readings for pleural calcification, costophrenic angle obliteration, and pleural thickening on the diaphragm. The rate fell to about 80% for small parenchymal opacities and for pleural plaques or diffuse thickening.
McDonald, Sebastien, and Armstrong
EXPOSURE ESTIMATES
Work histories were used to obtain the dates and duration of work in various locations. The mean airborne fibre concentrations for each location operation, year by year, were estimated from all available midget impinger and membrane filter measurements after a site visit and detailed review by one of us (PS). The methods of estimation and results are described fully in the mortality paper.1
STATISTICAL ANALYSIS
Radiographic readings from the three readers were combined as a median score. Two methods were used to investigate relations between x ray changes and exposure to fibrous dust. Firstly, the prevalence of abnormalities was tabulated in five cumulative exposure groups, after stratification in three age groups (20-39, 40-59, ) 60) to reduce confounding. Age standardised prevalence rates were then computed for each exposure group, the combined population being taken as standard. Secondly, logistic regression analyses for selected abnormalities were carried out in which age, smoking, and cumulative exposure were entered into the regression equation.
Age was considered as a continuous variable and smoking in three groups: never smoked, ex-smokers, and current smokers. The logistic regression analysis and the fitting of linear exposure response lines to the grouped prevalences were carried out using the GLIM computer package.5
Results
The prevalence of the main radiographic changes in the current male employees and the sample of past employees, based on their most recent films, is presented in table 1. The overlap between the two groups is confined to men aged 40 and over. Even in these older men the rates for both parenchymal and pleural changes differ considerably but perhaps not more than might be explained by differences in mean levels of cumulative exposure. A steep age gradient in both groups is also evident, probably attributable in part to exposure. Of the 47 unexposed subjects, 32 were aged 40 or more; small opacities were read in one, pleural thickening on the chest wall in four (8 5%), and pleural calcification in two (2 7%). Table 2 gives the age standardised prevalences of small opacities and pleural thickening by cumulative exposure. Because of small numbers and, in particular, since few young men had achieved high cumulative exposures, these standardised rates are subject to rather large standard errors in the higher exposure groups. Notwithstanding these problems, the trend of increasing prevalence of small opacities with increasing exposure is unlikely to be due to chance were read in 18 (42%) of the 1983 films and nine (21 %) of the films taken on average 8-9 years earlier. This difference derived from 10 men whose readings Linear :s60 years had deteriorated and two whose readings had improved. In the 24 pairs from unexposed men on Logstc:nonaverage seven to eight years apart, no abnormality smokers aged 65 was read in the earlier film and one only in the later ,' --film. Since there was virtually no change in the cumu-, ' lative exposure of the 43 ex-employees between their two x ray films, the substantial increase in prevalence Uinear:zalIaaes' standardised was presumably due in part to aging and in part to differences in radiographic technique.
Discussion
The usual criticism levelled at cross sectional morbidity studies in working groups is that selection lo may have removed a disproportionate number of employees who had suffered the ill effects of and cumulative occupational exposure. It would be equally wrong to study only ex-employees. We tried in this survey to achieve a balance by including both present and past employees and analysing their joint experience. In ponding trend addition to the logistic regression analysis presented the chest wall in table 4 another analysis was made in which a fourth 1.
variable for ex or current employment was included. iormalities by This showed that, having allowed for the other three nd over. Here, factors, rates of change were higher in past than opacities with present employees but, statistically, not significantly a weaker one so. The coefficient for the relation to exposure was, in 0.20).
fact, the same whether or not the fourth variable was lyses of abnor-included. We believe, therefore, that it is reasonable effects of each to base our estimate of exposure response on the tive exposure, experience of the combined sample. Even so, the the other two. relations illustrated in the figure entail great uncernd age on the tainty, for which there are several reasons. Firstly, the nt and there is exposure estimates, especially for the important :ct (p 0-02). period before about 1972, were approximate. Secon the chest ondly, radiographic techniques and radiograph readly by cumulat-ings are major sources of variation. Thirdly, age, consistent evi-smoking, and probably other environmental factors insufficient to all contribute to radiographic change. Finally, the is between the study sample was quite small. In the absence of other information our data provide the only indication of relations for risk in relation to exposure. Of the four lines shown in Ire. The graph the figure, the two based on logistic regression and the m tables 2 and one for men aged 60 or more are roughly parallel, and ;tic regression probably more valid than that based on age standardes two curves, isation. These three lines suggest that by retirement non-smokers. age the increase in prevalence of small parenchymal intermediate. opacities (>t 1/10) The radiographic study by NIOSH was based on the most recent chest x ray films (188 in all) available in the local hospital for men employed five or more years and at some time since 1974.2 These men were all current employees at the time of the x ray examination, were somewhat younger than those in our sample, but had been employed nearly four years longer and at a slightly higher average level of exposure. Despite this, and the fact that one of the readers was common to both studies, the prevalence rates of both parenchymal and pleural changes were substantially higher in our study than theirs. The slope of the logistic regression line for small opacities (> 1/0) and cumulative exposure was also somewhat steeper in our data. We believe that these differences were due to better film quality and perhaps to the inclusion of ex-employees in our survey. This underlines the problems and imprecision of radiographic estimates of exposure response in dust exposed workers.
